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SUMMARY

The objective of this task force during the two-year study has been to
adapt existing hydrodynamic and conservative water quality transport models
available for the bays and estuaries of the Coastal Bend Region to determine
the spatial distribution of various water quality constituents affected by in-
flows entering and wastewater discharged into these aquatic environments.
Emphasis in the second year has been placed on developing non-conservative
water quality transport models specifically for Corpus Christi Bay, which was
expected to receive the major environmental impact from projected municipal
and economic growth in the Coastal Bend Region and where overall project
needs may require additional model resolution and computer storage not avail-
able in presently calibrated models.

The initial simulation work utilized existing hydrodynamic and salinity.
transport models of a system which included not only Corpus Christi but also
Aransas and Copano Bays. Tor the purposes of this study, this larger model
was modified to include only the bay waters of the primary study area. This
modification required establishment of the boundary conditions at the point
‘the original model was cut off. '

Due to the importance to the water quality transport models of the net
flows and depths generated by the hydrodynamic model, a high degree of
reliability in the computations of the hydrodynamic model needed to be estab-
lished. Verification of both the hydrodynamic and salinity transport models
has been accomplished using data collected during 1972-73 in Corpus Christi
Bay. Sensitivity tests also were performed using the hydrodynamic and salinity
transport models. In the hydrodynamic model, the response of tidal ampli-
tudes and flows were determined for changes in roughness, wind stress and
evaporation coefficients. The sensitivity of the salinity transport mode!l was
determined for dispersion coefficients and evaporation rates.

Water quality transport models which simulate the spatial distribution in
Corpus Christi Bay of total phosphorus, biochemical oxygen demand, dissolved
oxygen, and the various nitrogen cycle constituents were developed. The
models were tested for four Data Packages obtained at different seasons which
contained the requisite hydrodynamic, meteorologic, and water quality data.

The Corpus Christi Bay conservative transport model was modified to in- -
clude a first order reaction term which behaved as a sink in the single consti-
tuent total phosphorus transport model. The order of magnitude and trend of
the observed total phosphorus changes in Corpus Christi Bay were well simu-
lated by the model. However, the model can only be considered "calibrated"
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because different rate coefficients (although of the same order of magnitude)
had to be used for the four Data Packages and the coefficient could not be
correlated to environmental conditions such as temperature and salinity.

Similar results were found with the BOD5 modeling effort. Unfortunately
field data used to calibrate the dissolved oxygen model were collected in
daylight hours and supersaturation always existed. Hence, the multi-
component reaction dissolved oxygen model could not be "calibrated”. A
multi-component first order reaction model was developed for the nitrogen
cycle including degradation of organic nitrogen, nitrification and plant up-
take, but not plant settling, decomposition, and nitrogen recycling. Agree-
ment between observed and computed nitrogen values was acceptable, the
same reaction coefficients being applicable to all four Data Packages.
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CHAPTER I
INTRODU CTION

The evaluation of the environmental impact of various land use and/or
water quality control policies on bay and estuarine waters places a major em-
phasis on the ability to analyze advective and other transport processes in
tidal waters. These transport processes include diffusion, dispersion and
differential convection of reactive and non-reactive substances. In aggregate,
they determine the migration and dilution of various pollutants and toxic
materials as well as the distributions of certain naturally occurring organics
and inorganics essential to a productive and balanced estuary ecosystem.

A basic requirement for most transport (water quality) studies in a bay
or estuary is that the tiday hydrodynamics be known or readily obtainable.
This includes the time and area-wise distributions of tidal amplitude and
tidally generated currents. For a given system bathymetry, dependent varia-
bles must be determinable under a variety of external influences including the
fundamental tidal excitation, inflows, diversions, winds, rainfall, runoff,
~evaporation and density gradients. Some of these data can be obtained from
field observations, or from assumptions and simplified analyses. It is rare,
however, when all the required information is known with sufficient detail to
undertake a comprehensive analysis of mass transport phenomena in the system.

Basically, mass transport analysis requires that the advective and dis-
persive components be known at every point in space and time over which a
solution is sought. These are the components which can be determined only
from the spatial and temporal distributions of tidal amplitude and currents.

At most, carefully planned data collection programs can continuously measure
these hydrodynamic parameters at a few selected locations. Thus, the need
to bridge~the-gap or fill in the hydrodynamic information throughout the sys-
tem is indicated. It is for this reason that investigators now turn to analogs,
physical and mathematical models, and stochastic methods.

Objectives and Scbpe

The basic objective of the project has been to adapt existing hydrodynamic
and transport models available for the principal bay and estuarine waters of
the Coastal Bend Council of Governments {(COQG) region to determine the spa-
tial distribution of various water quality constituents as impacted by projected
inflows entering and wastewater discharged into these aquatic environments.
Emphasis has been placed on developing water quality transport models
specifically for Corpus Christi Bay, which is expected to receive the major
environmental impact from projected municipal and economic growth in the
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Coastal Bend Region and where project needs may require additional model
resolution and computer storage not available in presently calibrated models.

More specifically, this project has addressed the following several sub-
tasks.

1. Selection, modification and adaptation of existing tidal hydrodynamic
and salinity transport models to Corpus Christi Bay.

2. Further verification of the selected models using recent prototype
data. '

3. Sensitivity testing of the hydrodynamic model to variations in wind
stress coefficient, Manning roughness coefficient, and evaporation
coefficients.

4. Sensitivity testing of the salinity transport model to variations in
dispersion coefficients and evaporation coefficients.

5. Extension of the salinity transport model solution technique to bio-
chemical oxygen demand and dissolved oxygen, total phosphorus,
and the various species of the nitrogen cycle.

6. Simulations of estuarine system response to conditions corresponding
to different hypothetical coastal zone management policies for the
Coastal Bend COG.

In subtask 6, the Estuarine Modeling Task Force "bridged the gap'" between the
Water Needs and Residuals Management Task Force and the Biological Uses
Criteria Task Force. The former provided the freshwater and wastewater loadings
to the Corpus Christi Bay System, The latter was supplied the distributions

of the various water quality constituents.

Subtasks 1-4 have been discussed in the Interim Report for this task force
(1). [ The pertinent sections of this report are presented for the benefit of the
- reader in Appendix A,] Subtask 5 is covered in this report. Subtask 6 is pre-
sented in a separate multidisciplinary final report covering the policy evaluation
efforts of the entire project team.

Previous Work

Some of the earliest documented water quality modeling work in Corpus
Christi Bay was that described in (2). This study involved a modified tidal
prism model of Corpus Christi Bay set up by Masch and Urban in 1966 at
The University of Texas at Austin. The primary purpose of this model was to
make estimates of physical exchange for preliminary studies of marine re-
sources and fresh water requirements. This model had its genesis in the
classical tidal prism concept and permitted the calculation of tidal exchange
and exchange coefficients between various parts of Corpus Christi Bay.
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At about this period of time, a model using a salinity balance was proposed
by Lockwood and Carothers (3). The primary purpose of this model was to pro-
vide a methodology to support a concept wherein tidal inlets and passes were
to be used to maintain salinity control through a balance between precipitation
runoff, evaporation and Gulf exchange within a given bay system. -For
Corpus Christi Bay, it was proposed that the natural runoff from the Nueces
- River be supplemented with Gulf water through Corpus Christi and Boggy
Slough Passes and Demit Island Channel. Since both the above approaches
were highly empirical, the major limttatton to thts appllcatlon was lack of
reliable field data. :

Over the period 1967- 1971, Masch and hts assocrates (4,5,6,7, 8) de-
veloped a conceptual mathematical modehng approach linking tidal hydro-
dynamic and various mass tran sport models and defmmg the basic data
- requirements and the flow of information.between various ‘models. These
‘studies, which were supported by the Offxce of ‘Water Resources Research,

U. S. Department of Interior and the Texas Water Development Board, resulted
in five different models linked through basic lnput output requirements
These models were

1. HYDTID - . a two—dimensional vertically~mixed explicit
oo - tidal hydrodynamic model, (Refs. 4,5).
2. STERM - " a two-dimensional vertically-mixed implicit

- dynamic convective~dispersion model for
analyses of short -term transport phenomena,
, {Ref. 7). :
3. LOTRAN : - 'a two-dlmensmnal vertically-mixed implicit.
' R * dynamic convective-dispersion model for
analyzing ‘long- term or slowly varying trans-
‘port phenomena, (Ref. 6). o

4. TRANSS - .a two- ~dimensional vertically-mixed steady-
_ N state convective-dispersion model, (Ref. 8).
5. . ‘ L= a two-dimensional vertically-mixed explicit

dynamlc convective-dispersion model for
analyzmg long-term or slowly varying changes
- in sahmty, {Ref. 8)

Of the three transport models, the short-term model STERM is the most
fundamental and was developed to account for rapidly changing conditions
such as those which occur within a tidal cycle where depths 'and tidal currents
are continually changing. When run consecutrvely for an extended period of
time, e.g. weeks, months or years the model can also provide changes due
to hydrologic, seasonal, or-other slowly varying influences. Also, if operated
under constant inputs for a long penod of tlme thlS model will converge to
steady-state conditions’ P o
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This extended use of the short-term model can only be accomplished at
the expense of computer time and great masses of data which then must be -
analyzed to determine the particular variation sought. To determine transport
variations under slowly varying inputs, it is considered more practical and
- economical to view the transport process directly on a daily, weekly, or
monthly average basis. It is for these applications that the long-term dynamic
and the steady-state models were developed. Except for a series of studies
on hurricane surges, comprehensive mathematical modeling for tidal hydro-
dynamics and water quality was not undertaken until 1970. At this time, the
Texas Water Development Board (TWDB) supported a study to apply HYDTID
and LOTRAN to the San Antonio and Matagorda Bays (9). In 1971 the TWDB-
supported work was extended to the combined Corpus Christi and Aransas-
Copano Bay systems (10). Although LOTRAN was limited to the simulation of
total dissolved solids, this study made use of field data collected in'a joint
TWDB/U. S. Geological Survey (USGS) sampling program (11,12). Also
utilized were data collected by Southwest Research Institute and Del Mar
College (13). A unique feature of this TWDB study was the availability of a
comprehensive data collection period where intensive measurements of tidally
generated flows and water quality data were collected over a period of five
days. These data provided an unusual opportunity for verification of the models.

Equally important, this same study provided for development of evapora-
tion criteria for inclusion in the models (14). In many Texas bays and estuaries,
evaporation is a very important factor and determines whether a given system
is positive, negative or balanced with respect to net flgws' between Corpus
Christi-Aransas-Copano Bays and the Gulf of Mexico.

The availability of extensive data and the existence of verified hydro-
dynamic and salinity models through the recent TWDB studies provided a
situation ideal for further water quality modeling and to make whatever
changes necessary to adapt these models to the purposes of evaluating the
environmental impact of various hypothetical ma-nagement'p‘olicifes for this

‘region. ' '
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CHAPTER II
HYDRODYNAMIC MODEL

From consideration of the objectives of this project, it has been determined
that the combined modeling capabilities represented by HYDTID and LOTRAN
best serve the objectives of this project. These two models have been used
extensively along the Gulf Coast (5,6,9) and both have been verified for the
combined Corpus Christiv-Aransa.s—Copvano Bay system (10).

In the formulation of these two models it is assumed that the bay waters
are vertically well-mixed and that the tidally generated velocities in each co-
ordinate (area-wise) direction can be represented by corresponding vertically
integrated values. According to most observed field data, complete vertical
mixing is a condition which exists in the shallow Gulf Coast embayments except
during period of high fresh water inflow and in some of the deeper navigation
channels. The use of vertically integrated velocities is an assumption that
is more difficult to assess at least for some special situations. However,
many water quality responses can be analyzed with sufficient accuracy for
evaluations of various policies without complete knowledge of all the tidal

.hydrodynamics. Furthermore, one of the main purposes of the hydrodynamic
model is to obtain the flows per unit of width for input to the transport model,
LOTRAN. In addition the use of tidal dispersion coefficients in LOTRAN elimi-
nates the need to describe separately the turbulent diffusion and differential
convection due to vertical velocity gradients. Therefore, these assumptions
are not considered overly severe and should not hinder the utility of the models
as tools for evaluating the effects of various policies or practices.

Description of HYDTID

Mathematical characterization of the hydrodynamics of a two-dimensional
estuarine system requires the simultaneous solution of the dynamic equations
of motion and the unsteady continuity equation. The theoretical basis for these
equations have been dealt with in detail in the literature (15) and will not be
repeated here.

» Neglecting the convective acceleration terms but including wind stresses
and the Coriolis acceleration, the equations of motion applicable to tidal flow
can be written as :

34,
ot

- sh _ 2 _
qu = gd . quX + KVW cos ¥ (II-1)
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3q

sh 2 .
T +qu—-gd quy+KVW sin ¥y (I1-2)

oy

The equation of continuity for unsteady flow can be expressed as

aq 9g
_¥ sh  _ _ _
3% T Sy + " r-e . . (II-3)

In egs. (II-1), (II-2), and (II-3),

where qX and qy are the vertically integrated flows per foot of width at time t

in the x and vy directions, respectively (x and y taken in the plane of the sur-
face area); h is the water surface elevation with respect to msl as datum; d is
the depth of water at (x, vy, t) and is equal to (h~z) where z is the distance

’ 1
with respect to msl measured negatively downward; g = (qi + qz) z, Vw is
the wind speed at a specified elevation above the water surface; ¥ is the angle
between the wind velocity vector and the x-axis; K is a non-dimensional wind
stress coefficient such as that given by Roll {16); r is the rainfall rate; e is
. the evaporation rate; and (0 is the Coriolis parameter equal tc 2 w sin § where
w is the angular velocity of the earth taken as 0.73 x 107 -4 rad/sec and s is the
lat1tude @ =27.8° for Corpus Christi Bay). The bed resistance coefficient,

f, is computed from the Manning equation as [ gn /2 214" /3] where n is the
Manning roughness coefficient. The Manning coefficient can be estimated
either from the Strickler Formula knowing spatial and point distributions of

- sediments or it can be computed from comparisons of measured and computed
tide and velocity histories.

"Boundary Conditions

Because of the complex character of the Gulf Coast embayments, there
are several different types of boundary conditions that must be described if
prototype conditions are to be properly represented with a mathematical tidal
hydrodynamic model. These conditions are as follows:

water-land boundaries;

partial internal boundaries;

fresh water inflow, diversion, and return flow boundaries; and
artificial ocean boundaries.

=W N
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In addition to the water-land boundaries around the perimeter of a bay,
other physical features within the system such as islands, spoil banks, dikes
and jetties also can provide the equivalence of water-land boundaries. A
necessary requirement for computation of tidal hydrodyramics adjacent to these
boundaries is that the component of flow normal to the boundary be equal to
zZero. :

Partial internal flow boundaries are associated with submerged reefs,
spoil banks, pipe lines, etc. where water levels on both sides of the boundaries
exceed the boundary crest elevations. To account for these situations the flow
across the boundary is described in the manner analogous to that used for sub-
merged weirs, i.e.

q, = ics db \/qlhl-hzl. | - (1I-4)

where db is the depth of water over the boundary, h1 and h2 are water levels

on the two sides of the boundary and Cs is an appropriate discharge coefficient.

The sign of qn is taken so that the flow is always directed towards the low

head side of the boundary.

External inflows, diversions and return flows must be specified where ap-
propriate along the perimeter of the embayment. These flows can be expressed
quantitatively by the equation, qn = qn(t), which allows the external flows

to be introduced or withdrawn in any time dependent manner or at a constant
rate over a prescribed period of time at any boundary location.

Artificial ocean boundaries must be described accurately since they repre-
sent the boundary along which the major forcing function for excitation of the
tidal hydrodynamics must be applied. These boundaries are specified along
an imaginary line three to six miles offshore of the embayment in the Gulf.

The tidal flow corresponding to the excitation tide is computed according to
the relationship

q = CEH -b (II-5)

where C is an admittance coefficient taken as the speed of a gravity wave
( \/ gd ), g is the forcing function or known water surface elevation time

history specified at the ocean boundary, and h is the previously computed
water level at the ocean boundary. The excitation tides, H ', are usually

obtamed for the prorotype from recording tide gages and are expressed mathe -
mat1cally by Fourier approximations.
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S0 lution Scheme

'The basic tidal hydrodynamic equations are non-linear partial differential
equations in which there is a direct dependence of d and g on the values of
the three unknowns, qx, dy and h. Even for the most ideal situations, analy-
tical solutions of these equations are a formidable undertaking. This, com-
pounded with complex geometry, intricate interior features and variable
boundary conditions, make purely analytical approaches unsuitable for the
bays under study. For these reasons, numerical schemes are utilized to ob-
tain the solution of eqs. (II-1), (II-2) and (II-3). .

In the numerical approach, each bay is discretized into computational
elements arranged in time and space so that the output from one element
becomes the input to the next and so on. Each input is operated on by the
transfer function for the element and through an advancing series of spatial
and time steps, the functional behavior of the entire bay system is determined.
The selection of these spatial and time steps is controlled by mathematical
considerations involving stability, convergence and compatibility. Under-
lying these considerations is the further requirement that the tidal hydrody-
namic and transport models effectively interface with one another so that the
computed tidal amplitudes and velocities can be used directly as 1nput to the
transport models.

Basic Finite Difference Equations

The computational scheme used to solve the two equations of motion and
the unsteady continuity equation involves a straight explicit formulation. In
this method, eqs. (II-1), (II-2) and (II-3) are written in finite difference form
_ and the three basic unknowns dx. 4y and h, are determined for each compu-~
tational element at time level (t + pt) in terms of known conditions at time
level, t. This solution scheme is similar to that used by Reid and Bodine
(17) in their hurricane surge model of Galveston Bay.

Variable definitions used in the explicit formulation are illustrated on the
discrete element in Figure II-1. Each element of this type is identified by the
"indicies, (i,j), i representing the x-direction, and j the y-direction. The
indicies, i and j, increase with positive x and y respectively. In the numerical
analog the discharges per unit width in the x and y directions are defined at
the centers of the right and upper sides of each cell, respectively. The value
of h is taken as the msl water level for the cell (i,j) and is defined at the
center of the cell. Also defined at the center of each cell are the bottom ele-
vation, the Manning roughness coefficient, rainfall rate, and evaporation rate.
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FIGURE II-1

GRID SCHEME AND VARIABLE LOCATIONS FOR HYDTID
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The explicit method used is a time-centered difference scheme involving
time operations of the "leap frog" type for computations of flows and water
levels. The following time notation is used in the recursion relations: -
t-1= (k - 3) ot; t = (kAt); t+1 = (k+3) At and t+2 = (k+1) At where k is an
interger,

-

To reduce computer storage, time staggered computations are made with
dx and gy at odd (ktz) time levels and h at even (k, k+1) time levels. The
wind stresses are applied at spatial locations consistent with gy and dy but
at even time levels. The selected time differencing scheme is such that the

difference (qf:'1 - q:c-l) is centered in time at the level of ht and the difference

v(ht+2 - ht) is centered at the time level of q::l or qt+1 .

Using the above notations and writing the derivatives in eqs. (II-1) to
(II-3) as centered differences, the three basic unknowns, Ay Ay and h at time
(t+1) can be solved in terms of known values of time t as follows:

v

t t
t+1 B 1 t-1,, {d (i 4) +d (i+1,1)}
a. 03 = —7 | 9 (i,j) + gat >
C
X
{Rannan} « X ana
w
AX
+c2&yt'1ﬁ,nat] - (1I-6)
: 1 t-1, . t, .. ot

q;fl 0.9 = Z;:I- [qy (i,§) + gat {.d h,J)';d.OqJ+1)}

V4

{nfan -n'an} + vapat
Ay

-aalta,nat ] 11-7)
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)

t+1
W20 = ntaLg) + at % (i-1,) - q
. L Ax
A (W S Rl ) Rl W e O {8
Y Y
INE
where
_d(vi,J') = h(i,j) - z(,)
3G = L) ra (1) +q -1+ +q (-1.0)
X
4
g[y(i,j) = qy(i,J) + qy(1+1,j) + qy(i,j-l) +qy(i+1,j-1)
4

and 'CX and'Cy are parameters which incorporate the effects of frictional forces
and given by ' ‘

Q
]

14£(1, ) At [{q:{_l (i,j)}z N {&yt'l(i',j)}z]%,

[dt(i,j) + dti+1.4) ]'2 ' (11-9)
; R _

and

1

1+£(i,3)at [{q;_l ﬁJ)}z M {axt—l (i’j)}z]g

Q
i

[ata,1) +d"a,3+1) ]'2 ~ (-10)
- 2

The terms qy(i,J) and qy(i,j) have already been defined and the friction term
f(i,j) is given by’ :

f(i,j) = g n? (i 1) : _ (II-11)

2.21] ata.1) + a1, ) ]1/3
| < :
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in the expression for Cx' and

__gnty i)
f(i,5) = * 7z
2.21 [d',g) +d (i,j+1)]1/3

. - 2

(II-12)

in the expression for Cy..

Finite Difference Equations for Internal Barriers

Narrow partially submerged barriers in the system are considered along -
the faces of a given cell. Basically, the same finite difference equations are
used except that the terms C, and C,, incorporate the discharge coefficient in
eq. (II-4) in terms of an equivalent friction factor.

For a typical submerged barrier parallel to the y-axis and positioned at
the right side of cell {i,]), q}("’l(i,j) is evaluated from eq. (II-6) using

t,. t,. ‘ t-1,,
¢ = et [N+ + a6 0Tl )] @-18)
X 2AX 2
(Qsdb)
in which
d ‘= 1 [ht(i+1 ) + ht(i N - z
b 2 v ’ b
where zy, is the barrier elevation..‘
Similarly for a submerged barrier parallel to the x-axis,
. t, t . ot-1,
ap [47G0) + d(,3+1)] Iq (1,j)|
cC = 1+ Y (11-14)
Y 2A% C d )2 :
' ' s b
where
T t,
d = z[h(i,j)+h(ij+])] -z

b
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The expressions for Cy and Cy are essentially of the same type used by Reid
and Bodine (17). :

At the ocean boundary and parallel to the x-axis of the computational grid,
eq. (II-5) is used in the following difference form

a6 = Tod L IF H -0t (11-15)

in which H_ is the excitation tide at the ocean boundary. An equation identical
to eq. (II—?S) can be written for an ocean boundary parallel to the y-axis.

Equations (II-6) to (II-8) together with the boundary conditions in dif-
ference form, eqgs. (II-13) to (II-15) are in a form amenable to computer solu-
tion,

Selection of Time Steps and Distance

As noted earlier, the element or cell size and the time step in an explicit
formulation are controlled by mathematical considerations arising from
stability, convergence and compatibility. Specifically the following criterion
must be maintained for a stable solution of egs. (II-6) to (II-8)

At € _ _As (II-16)

299 ax

where At is the time step; A s is the cell or element size; and dmax is the

maximum water depth in the bay system. The element size is normally a func-
tion of the spatial resolution and detail required to describe the geometry and
behavior of the system under various inputs. Ideally, A s would be made as
small as possible, but this can only be done at the expense of computer time
and storage. Furthermore, prototype data usually are not collected with the
resolution necessary to verify small cell models. The choice of element size,
As, (Ax or Ay) therefore must be based on available prototype data, desired
detail, and computer time and storage in addition to the mathematical con-

- siderations noted above.
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CHAPTER III
CONSERVATIVE TRANSPORT MODEL

The transport processes of conservative constituents can be described
by use of the convective~diffusion equation which is based on the principle
of mass conservation. Numerous and complete derivations of this equation
exist in the literature and will not be repeated here (18,19,20). The basic
spatially two-dimensional form of the convective-diffusion equation in turbu--

lent flow is
A ey Z-i) N a(?y.%?r)

ac , 3¢ , B _
3t + u_ax + Vay 3x . | Y
2 2 :
3 C 3 cC ' -
+Dm(——2 +——2) (I11-1)
ax Y '

where ¢ is the concentration, u and v are temporally averaged local velocities
in the x and vy directions, ¢_ and e¢,, are turbulent diffusion coefficients in the
x and y directions, and D Is the molecular diffusion coefficient, Eq. (III-1)
can be rewritten for a horizontal two-dimensional vertically well-mixed flow

- field using spatially averaged concentration and velocity terms and a disper-
sion coefficient to include convection by vertically integrated velocities,
diffusion, and differential convective transport as follows

- - 3y . ac ’
oc u sc vi— = ‘a(Dx ax> * B(DV BY> (I11-2)
at X 34

dx 3y

where u = qx/d and v = q./d, qx and qy are the flows per unit width in the
x and y directions, D, and Dy are the corresponding dispersion coefficients
and d is the water depth, ‘

Long-Term Analyses

For the purposes of long-term analyses the instantaneous velocities in
eq. (III-2) are replaced with the net velocities that occur during a tidal period.
Because tidal hydrodynamics are normally cyclic, it is possible to determine
net velocity components across pre-specified sections by summing vectorally
- the instantaneous velocities at the sections throughout a tidal period. While
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‘the concept of a net velocity is not physically realistic, it can be determined
mathematically for velocities in two directions as follows’

1 PT -, . .
U o= 3 jo ORE: o (1L-3)
v o= -11?— jT vy dt (II1-4)
0

where T is the tidal period. This temporal averaging of convective components -
over a tidal cycle requires further that the more conventional coefficients in
eq. (III-2) be adjusted to reflect the tidal mixing which occurs throughout the
total tidal period. '

‘ By substituting these quantities into eq. (III-2), the convective-disper-
sion equation for solution of long-term transport problems in tidal waters
_becomes

L evE e vE - Fe ) sle

3¢ _ 3¢ j—
ot X ax TdX Tx ¥ ) (11-5)

y 3y

where EX and Ey are tidal dispersion coefficients.l

Water Quality Considerations ‘

A primary goal of this task force has been the development and calibra-
tion of transport models which simulate the effect of changing river inflows
and wastewater discharges on the concentrations of various water quality
constituents in Corpus Christi Bay. The long-term transport model, LOTRAN,
applied to Corpus Christi Bay has been shown to adequately simulate the
transport of non-reactive or conservative substances such as total dissolved
solids (10). Other water quality constituents which behave in a reactive or
non-conservative manner (par_ti.cipating in chemical or biological reactions)
have been adequately simulated in estuarine environments by assuming they
behave as single constituent first-order reactants (21).

Three additional transport models have been developed using LOTRAN,

the slowly-varying mass transport model designed specifically to simulate
the transport of total dissolved solids (TDS), as the basic model. The
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fundamental equation for mass transport has been described previously (eq.
III-5). For the case of a two-dimensional, vertically-mixed bay system
with reactive components, eq. (III-5) can be written as

!

cd) d (qXC) d(a VC)

fo) = BC"
= - - +
° ot * ax * Y X [Exd axd‘!
d -BCJ
Ed—| + S, III-6
ay!: Yd ay-4d -~ Sl ( )

where C is the tidally averaged concentration, q, is the net flow per unit width
over a tidal cycle in the x-direction, 4., is the net flow per unit width over a
tidal cycle in the y-direction, and d isthe average tidal depth over one cycle.
The term, t S;, represents various sources and sinks of the constituent for
which the above equation is written, including various chemical and biological
reactions. For the case in which first-order reactions are assumed to occur,

where K is the reaction rate coefficient (1/time). Other sources and sinks are
the discharges, diversions, boundaries with adjacent water bodies, and the .
boundary with the atmosphere where evaporation and precipitation occur.

Solution Technigue

The solution technique utilized in the water quality models is the implicit
alternating direction (ADI) solution method discussed by Peaceman and Rachford
(22) and Douglas and Gunn (23).

The ADI method was originally formulated for the solution of heat flow
equations, but as suggested by Carnahan, et al (24), the method has
general application. It is unique in that it overcomes some of the difficulties
of other methods identified by Peaceman and Rachford in their analysis of the
solution of parabolic and elliptic differential equations in connection with
solutions of two-dimensional heat flow problems. Specifically they con-
cluded that explicit difference equations can be solved in a rather straight-
forward manner, but require an excessively large number of time steps limited
in size by criteria for mathematical stability. Solution by purely implicit for-
mulations, on the other hand, do not limit the time step but require a time
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consuming and complicated iterative solution of many sets of simultaneous
equations at each time step. Gebhard and Masch (25) substantiated these
findings with their analysis of the limitations and relative advantages of the
explicit, implicit, and characteristic methods of solution of the convective-
dispersion equation applied to inland water bodies.

The ADI method affords a direct and practical solution of the two-dimen-
sional convective-dispersion equation by considering dependent variables in
only one of the two coordinate directions to be implicit at any one given time.
Through application of this technique, the resulting finite difference equa-
tions utilizing central differences produce a coefficient matrix of tridiagonal
form as described by Carnahan. Such a matrix form allows direct solution of
the unknowns by using an equivalent Gaussian elimination method called the
Thomas Algorithm as discussed by Bruce, et al (26). By alternating the direc-
tion for implicit variables at successive intervals of half time steps, complete
solutions are obtained at intervals of whole time steps. Thus by sweeping the
computational matrix composed of the grid network, first row by row with un-
known variables implicit in the x~-direction and then column by column with
unknown variables implicit in the y-direction, solution of the convective-
dispersion equation over the entire array results.

The primary advantage of the ADI method, aside from possessing a high
rate of convergence as illustrated by Carnahan with regard to discretization
error, are that it is unconditionally stable for any value of time step, At, and
that it does not require an impractical iterative solution method. Stability
implies that there is an upper limit as At = 0 to which any information, whether
input as initial or boundary conditions or computed in the solution process, -
can be amplified and Carnahan proved the state of unconditional stability for

the ADI method by showing ig[ < 1. The condition At/As 2 < % should be
maintained to minimize round-off and truncation errors; however, this condi-
tion is easily satisfied when values typical of present day models are used in
the relation.

A more detailed description of the ADI method and its application to the
convective-dispersion equation is presented in the next section. Its actual
use can better be understood by writing eq. (III-5) in finite difference form
and constructing the computational matrices of coefficients and unknowns which
result after substituting and rearranging terms.

Application of the ADI solution scheme to the basic two~dimensional
convective-dispersion equation, eq. (III-5) requires, first, writing the equa-
tion in finite difference form for the two different cases of implicit variables.
Secondly, the difference equations must be rearranged and appropriate sub-
stitutions made to structure them in a form amenable to solution by the
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Thomas Algorithm, and finally, the sets of difference equations must be in-
corporated into a control program to facilitate the computational process and
data input-output procedures.

An important part of rewriting eq. (III-5) in finite difference form is the
definition of the variable locations with respect to individual grid elements.
Care must be taken to position the variables, particularly velocities, dis-
persion coefficients, and concentrations, in a manner that is consistent with
the finite difference requirements of derivatives in the eq. (III-5). Also,
consideration must be given to the variable assignment scheme employed by
the hydrodynamic model to assure compatibility between the two models with
regard to velocity locations. Figure III-1 illustrates the locations of the
significant variables used in the model, HYDTID. Only average tidal depth,
d, defined at the center of the cell and the flows per unit width, dy and ﬁy,
defined across the sides of the cell are of significance to the transport
modeling. Utilizing the same grid scheme as in the hydrodynamic model, the
location of the pertinent variables required by the transport model are shown
in Figure III-1. With this space-staggered arrangement it is possible to take
full advantage of variable locations not only in formulating finite difference
equations but also in developing an efficient program structure for imple-
mentation of the ADI solution method. '

Finite Difference Appro‘ximations

_ The basic equation applicable to the tidally influenced slowly-varying
transport problems of interest in this study is given by eq. (III-5). As an
example, assuming no sources and sinks, the convective-dispersion equation
for the transport of a conservative substance B is presented as follows

3(B) _ 2(UB) . 3(VB) _ > . 37,3 . aB)
+ + - = [EX - :|+ = [E (111-7)

ot X . dY y oY

The ADI solution method requires writing two different sets of finite dif-
ference equations both formulated from eq. (III-7), but at different time levels.
The first set, written for time level (t+1), approximates x~-derivatives involving
unknown concentration implicitly and y-derivatives explicitly; while the second
set, written for time level {t+2), reverses the procedure and uses implicit y-
derivative approximations and explicit x~derivatives. To illustrate the
development of these expressions consider the following difference forms of
the individual terms in eq. (III-7) at time level (t+1) when all quantities are
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. FIGURE III-1

GRID SCHEME AND VARIABLE LOCATIONS USED
IN LONG-TERM TRANSPORT MODEL
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known at time t,

2B,

X oX_ _
Bax

2(UB)
axX

oY

3 _ B - B4,

E_(1,9) et e,y - 84,1

2
AX

t+1

85,y - 841,07

E_(i-1,)) -
AX

t,. t,, . '
Ey(l,j) [B(llj+l) - B (llj)] -  :

2
AY
p gon (B0 - BTGI-D]
y ' 2 :
AY
sy BUrar + 876,
! 2A%
Uaon g B + BT, )
! 20X
vy B +8an -
) 2Ay ‘
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2ny

B(ilj_]')
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Similarly these same terms can be approximated at time level (t+2)
utilizing known conditions from time (t+1) as follows,

CauB)

oY

872G ) - B

e
At
by BB L0 -8
X .2
AX
b ey B0 -8 a-1,9)7
X AX
E W) 826,541 - 8 a1
y o 2
AY
e yon B - 820,517
y 2
AY
vay By + B, p)
! 24x%
vierpy B + 861,97

[Bt+2

20%

vii,J)

2

27y

(i,5+1) +BE2(,5)]

(L) +8"20,5-1)]

T+
Vi, j-1) LB

20y
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Substituting the finite difference approximations of eqs. (III-8) to (III-17)
into eq. (III-7) and factoring out common values of the concentrations, the
following equation can be formulated to approximate implicitly in the x-
direction the basic convective-dispersion equation,

5 [-E -1 (4%)
_ Ax

1

B T1+E () (25) +
- X " Ax
At

-0 (37) ¢

841,90 - EG,D (—912-) +
i o

»Bt(i,j-l) [Ey(i,j—l) (i:—z) +

Bt(i‘,j) [1 —'Vﬁy(i,j) (—A—t—g) -

Ay

'Bt(i,‘j+1) [E,0.9 (ZA;‘;)

”®

Through a similar process, eq.

. in the y-direction as

- U@-1,1) .—2“-;;)] +

v () |

U4 (-Z-A;—X)] =

V{i,j-1) (2—%;)] +

At
E (,3-1) (=)
Y Ay

Vi, i) (ﬁ"yﬂ

Ve (52) ] (11-18)

(I1I-7) also can be structured implicitly
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Bt+z(i,j-1) [—-Ey(j_,j_l) (f;) _ Vt+1(i,j—1) (Eﬁ%)]

2 [1 ) Ey(i:j) (i%> + Ey(i,j-l) (ig)

L () - Ve (35)]
2 (v (22) - e e (5)] =
AT I \any y NERE
B't+1(i-lj_1) [gx(i-l,j) (A—‘;%) + UG-1,9) (Z—AA%{- ] o
87N [1-E 1) (—f:z—) - E_(i-1,) (AA:Z—)
+U(i-1,5) <?AA££) S ) (-2%}—{)} +
Bt+1(i+l,j) [Ex(i,j) <Z‘:—2> - U, (Z_AAI):)] - | (I11-19)
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Computational Process

Analysis of eqs. (II[-18) and (III-19) indicates that all quantities on the
right hand side of the equations are known and thus can be grouped into single
valued terms called s. On the left hand side of the equations, all of the con-
centrations are unknown while the coefficients on these unknown concentra-
tions a, b, and ¢, can be computed from the known values of net velocities
and dispersion coefficients. At each time step and for each row or column of
N adjacent water cells, depending on whether eq. (III-18) or (III-19), respec-
tively, is applicable, N linear simultaneous equations with N unknowns can -
be written in algebraic form, For the case of implicit derivatives in the x-
direction, the following set of equations results,

t+1 g+t
blBl + cle = s1
+ + -
a8 s + mBYT 4+ RBML = i2cysono (111-20)
b4l 41t
aBn-1 T PPy SN

A similar set of equations can be written for the condition of implicit y-
direction derivatives. Grouping the coefficients, unknown coefficients, and
known quantities in eq (III-20) into matrices 12, B, and S, respectively, the
final solution matrix takes the following form, :

B = 3 . o {1II-2D)

i
b

or expanded,
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(111-22)

— R —_— — e
t+1 t

! °p ¢ ®1 1
t+1 t

3, b, ¢ B 52

] t+1 t

, a3 b3 Cy ; uBa 53
i LT ) )

i

I . t+1 t
a b B s

. N N N N
- L N nd

As a result of the coefficient matrix being of tridiagonal form, the Thomas
Algorithm referred to earlier is well suited for solution of the set of equations

given by eq. ([II-20). Following is a detailed outline of this solution technique
as used in the transport model.

(1) Divide through the first equation in eq. (III-20) by b1 to obtain

t+1 t+l _ _ Y.
B1 + dle = g1 (II1-23)
where
! stl
d1 = I)— and g1 = ;—

1 1

(2) Combine eq. (III-23) and the second equation in eq. (III-20) to elim-

inate a2 which results in

i+l

S otHl |
B, +dpB. = g, (111-24)

where
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‘ sz , s, -a
d, = T and g, =
,2 _b2 azd1 _ 2 w2
and
w2 % bz—azd1

Combine eq. (III-24) and the third equation in eq. (III-20) to elimi-

nate a, which results’in
i+l t+1 o
B, " + d;B, " = g, . (1I1-25)
where
B3
d3 = W w3 = b3—63d2
3 ’
and
e = a%3%

. Proceed through the set of equations in this manner, eliminating a

and storing the values of d y and gY given by

4 = N vy = 2,3,...,N
b _
Yv b, aYdY-l v :
and
s -a g 1
g = . y = 2,3,...,N
Y by-a.dy_

Solve the last equation in eq. (III-20) using

t+1 .
By = 9y ~ (11I-26)
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(6) Solve for B?_ll, BJ;\T_ZZ ......... BH1 by back substitution with

the following equation. .

t+1 t+1 ‘ ~ .
BY gy - dYBY+1 1 = yv £ N-1 (111 27);

In the above equations, w, d, and g are computed in order of increasing vy, and

BtJrl is computed in order of decreasing v. Using this computational algorithm

for both x and y directions and the rectangular computational grid to represent
the tidally influenced bay system distribution of constituent concentrations '

can be obtained by solving for Bt+1 and Bt+2 spatially from cell to cell first

by rows and then by columns, respectively. Then by stepping forward in time
and repeating the process under a new set of boundary conditions, the com-
plete solution can progress until the desired period has been simulated.

* Boundary Conditions

As with the tiday hydrodynamics model there is needed to represent boun-
dary conditions in difference form in the transport model to reflect the con- .
vective and dispersive transport components across the boundaries of the grid
network. The boundary condition across a water~land interface requires there
be no convection or dispersion normal to the boundary. The no convection
requirement is automatically handled by the no flow condition computed from
the tidal hydrodynamics. The no dispersion condition can be achieved in the

x-direction, for example, either by setting Bi+1 iy’ the concentration in the

cell immediately across from an impermeable barrier, equal to Bi X the con-

centration in the cell of interest adjacent to the barrier (the image concept),
expanding the x~derivative in a Taylor series, or by setting Ex(i ) =0, For
simplicity in this study, the dispersion coefficients at impermeable boundaries
are set equal to zero whenever velocities and the resulting convection are zero.

The conditions across an impermeable internal boundary such as a reef
or island are identical with water-land boundaries except that there may be
-water on both sides of the barrier. Again, the requirement of no convective
transport is satisfied through the hydrodynamic model while the condition of
" no dispersion is satisfied by setting the dispersion coefficient across the
boundary equal to zero. ' )
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Source concentration boundaries represent the major excitation to the trans-
port model and must be specified at the Gulf inlets and at all inflow, diversion,
and return flow points. These sources are quantified either by direct prototype
measurements or with values derived from statistical analyses of historical
records. Also it is possible to extend the river reaches of the model upstream
to a point where zero or some base concentration can be assumed. This same
concept can be applied to the ocean boundary of the model by specifying the
normal ocean concentration of a particular material offshore far enough to avoid
interaction with inland sources. For example an average value of salinity
-could be taken as 35 parts per thousand and specified as a constant source
along the seaward boundary of the model.

Initial Conditions -

The initial conditions for the transport model can be either an assumed
distribution of concentration or simply a constant value of concentration speci-
fied throughout the bay except at the excitation or source cells. If the solu-
tion sought is to be steady-state, the initial condition is a matter of choice
since the steady-state concentration profiles are essentially independent of
the initial conditions. However, if the model is to be operated for an actual
- or prescribed set of inputs, the model first must be run to simulate the ante-
cedant condition and then operated consecutively on a weekly, monthly,
seasonal or other basis for the period of interest. If a point release of mater-
ial is to be routed through an estuary, either zero or an appropriate back-
ground concentration must be specified.

Selection of Distance and Time Steps

Since the ADI scheme is unconditionally stable, there are no mathematical
restrictions on 8t and As for solution of eq. (III-7). The mest size, As, must
be the same as that used in the tidal computations with the hydrodynamic
model. In selecting the mesh size consideration must be given to the physical
resolution desired in both the hydrodynamic and the transport models. Usually
channels and tidal passes dictate the use of fairly small mesh widths in order
to properly describe tidal exchange. However, such spatial resolution can
- only be achieved at the expense of increased computer time and storage re-
quirements, which in the end often are the controlling factors, This is
particularly important with regard to the hydrodynamic model which is restricted
by mathematical stability criterion because of its explicit solution technique.
For estuaries typical of the Gulf Coast, mesh sizes on the order of a square
mile have proven to be economical and still fine enough to prowde adequate
re solutlon for simulation of transport behavior.
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Time steps used in the transport model must only be small enough to
accurately describe the temporal variations in concentrations that might occur.
As has been previously stated, time steps larger than one tidal cycle might
be ficticious since the net velocities used in the model are computed over a
one cycle period and theoretically can only influence the transport behavior
of an estuary during the actual time when they were determined. However,
when fresh water inflows and tidal conditions remain fairly stable for a period
of several weeks, net velocities are also likely to vary only slightly, and
time steps larger than one cycle can be used. The time step used most fre-
quently is one half of a tidal cycle.
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' CHAPTER IV
WATER QUALITY '
TRANSPORT MODELS FOR THE
. CORPUS CHRISTI BAY SYSTEM

The purpose of this chapter is to describe the development and testing
of the non-conservative water quality transport models for the Corpus Christi
Bay system. A review first is presented of the operation and verification
of the hydrodynamic and non-conservative transport models. Next, an explana-
tion is given of how the TWDB/USGS field data is grouped into Data Packages
and evaluated for use in the non~conservative water quality transport model
deVelopmen’c. Subsequently, the equations are presented which represent
the biological and chemical reactions that these water quality characteristics
undergo. Finally, comparisons are made between the observed and predicted
non-conservative water quality constituents,

The overall objective of the project was to develop and test a methodo-
logy to assess the environmental impact of various hypothetical coastal zone
management for the Coastal Bend COG. The non-conservative water quality
-constituents of primary interest were BOD5 , dissolved, total phosphorus
and nitrogen, '

’ ¢

Review of Hydrodynamic and Conservative Transport Models

The Corpus Christi-Aransas-Copano Bays System Model developed by
Masch and Brandes for the TWDB (10) was modified at the outset of the study
to produce a smaller model with capability to include more inputs and more
re solut_ion if necessary and to facilitate the development of additional water
guality models specifically for the Corpus Christi Bay environs. Modifications
. to the TWDB hydrodynamic and conservative transport models consisted of a
reduction in size of the area modeled, adding diversions and discharges
unaccounted for previously, and adjusting excitation tides at the new boundaries
‘to correct for apparent datum discrepancies (1), The Corpus Christi Bay System
Model intended for use in this project includes Corpus Christi, Nueces, Oso
and Redfish Bays and the portion of Aransas Bay from Redfish Bay eastward to
the Rockport tide gage. Figure IV-1 illustrates the area covered by these models. -

The main problem in reducing the coverage of the original TWDB models
was to develop the boundary conditions at the Rockport boundary of the models
so that the Corpus Christi Bay System Model would properly simulate the
hydrodynamics and transport across this section. Rockport was selected
as the eastern boundary of the model because tide gage records and water
quality data are available at this location. This has the advantage of being
able to excite the models with actual field data rather than with simulated
conditions (1).
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The reduction in model size will allow additional model resolution if

. deemed necessary in the future. Currently, the size of the individual compu-
tational cells, which in total form the grid scheme depicted in Figure IV-2 is
one nautical mile square. With the newly developed models, the resolution
and/or computer storage can be increased by approximately thirty percent N
without increasing computer expenses now used in the TWDB models.

Preliminary to the operation of the conservative transport model, the
"net" tidal amplitudes and component tidal flows are computed using the
hydrodynamic model. The basic data necessary for the simulations utilized
in this study are as follows for the hydrodynamic model:

1) gulf excitation tides;
excitation tides at the Upper Laguna Madre and Aransas Bay interfaces;
) fresh water inflows;
) diversions;
) waste discharges;
) wind magnitude, direction and duration;
) evaporation; and
) precipitation

(
(2)
3
(4
(5
(6
(7
(8

Measured tidal depths at various locations in the Corpus Christi Bay system
(see Figure IV-3 and Table IV-1) at different seasons over a few years period
were available to "calibrate” and "verify" the hydrodynamic model, In
addition, one set of tidal exchange measurements were available in November,
1871 over a tidal cycle at ten selected locations where the physiography
permitted these TWDB/USGS observations.

TABLE IV-1
TIDE GAGE LOCATIONS FOR CORPUS CHRISTI BAY SYSTEM MODEL
GAGE IDENTIFICATION CELL NUMBER LOCATION

A [ 1977 Aransas Pass at Port Aransas
B I 1J10 Laguna Madre near Flour Bluff
C "129712 Aransas Bay near Rockport
D I 5718 Corpus Christi Bay at 4600 Ocean Dr,
E 19726 Nueces Bay near White's Point
F I 8722 Corpus Christi Bay at Corpus Christi
G 114713 Corpus Christi Bay at Ingleside
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The loadings of importance in the operation of HYDTID are all of the
external inputs (including all discharges and fresh water inflows) and the
diversions and subsequent discharges which are internal (mainly cooling
water). Many of these flows represent an aggregation of flows due to the
limitation that each cell is one nautical mile square. The location of the
inflows are denoted by inflow number in Figure IV-3. The non-point source
boundary conditions for HYDTID consist of the tidal excitations at the inter-
faces between the Corpus Christi Bay System and the Gulf, Upper Laguna
Madre, and Aransas Bay. The selection of the Gulf excitation tide is the
most crucial. It is based on the average amplitude, high and low tides taken
for each tidal cycle over the total time period being simulated, Based on
these average values, a tidal cycle specific tide is selected. After selection
of the Gulf excitation tide is made, the Laguna Madre and Aransas Bay tides
are read from the charts for the same tidal cycle. Table IV-1 identifies the
tide gages as to location in the prototype and in the model grid scheme.

Given representative loadings, meteorological parameters, and excitation tides,
HYDTID is run to stability and the net flows and depths over one tidal cycle
are computed to be used as the hydrodynamic input for the transport models.

After preliminary studies with the Corpus Christi Bay System Model, it
was obvious that the hydrodynamics of the system could not be properly simu-
lated without some adjustment of the excitation tides at the Laguna Madre and
Rockport boundaries. These tidal datum adjustments are necessary due to
suspected datum irregularities for some of the tide gages in the Corpus Christi
Bay System. Similar difficulties have been previously reported for other estu-
aries (9). For example, the observed tides at the boundaries together with
the adjusted tides used in the model for Data Package XVIII (see subsequent
section for description) are presented in Figure IV-4. No phase corrections
are necessary for any of the excitation tides. The Gulf excitation tide was
held constant while the Laguna Madre excitation tide was shifted vertically
downward by 0.26 feet and the Rockport excitation tide was shifted downward
by 0.13 feet. This adjustment resulted in reasonable responses of tidally
generated flows and net exchange being produced by the model when compared
to the measured field data previously discussed. In addition, a sensitivity
analysis of the hydrodynamic model testing the effects of variations in the
wind stress coefficient, Manning's roughness coefficient, and the evaporation
coefficient for the November 1971 data package gave added confidence in the
model (1). [ See the Appendix for a presentation of these results.] Hence,
the hydrodynamic model is considered verified.

For the salinity transport model, the following data are required:
(1) salinity concentrations at the Gulf, Upper Laguna Madre, and

Aransas Bay boundaries; . .
(2) salinity concentrations associated with all diversions and discharges:
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(3) evaporation;
(4) precipitation; and
(5) hydrodynamic model output (velocities and depths).

Measured salinity concentrations at various locations in Corpus Christi Bay
at different seasons over a few years period are used to "calibrate" and
“verify" the conservative transport model. Dispersion coefficients success-
ful for the Corpus Christi Bay were similar to those reported for other Texas
estuaries. Furthermore, a sensitivity analysis was undertaken testing the
transport model to variations in dispersion and evaporation coefficients (1).
[ See Appendix A for a presentation of these results.] Hence, the salinity
transport mode!l also is considered verified (1).

The hydrodynamic model, HYDTID, was run successfully for each Data
Package (described in the next section). The output, net flows and depths,
was then used with the conservative transport model, LOTRAN. The correla-
tion between the computed TDS concentrations and the observed values was
good. This indicates that the hydrodynamic output as well as the selected
dispersion coefficients and the computed evaporation rate were acceptable.
The dispersion coefficient was held constant at 3500 ft4/sec for all of the
reactive water quality models subsequently discussed.

Description of Data Packages

In addition to the data previously described for the hydrodynamic and
conservative transport model, data for the operation of the non-conservative
water quality transport models also require measurement of the concentrations
at the Gulf, Upper Laguna Madre, and Aransas Bay boundaries, the Nueces
River, the diversions and discharges. For "calibration" and "verification",
‘estuarine water quality concentrations also are required.

The basic data from TWDB and USGS are assembled into Data Packages.
Each Data Package covers a specific time period. The dates data were col-
lected by TWDB and USGS serve as the starting and ending dates for each
Data Package. '

Eleven Data Packages were assembled for previous model development
for the TWDB Corpus Christi-Aransas-Copano Bays system (10). A review of
these data packages revealed that all were deficient except for total dissolved
solids in the amount of water quality data necessary for verifying the water
quality constituent transport models for the Corpus Christi Bay transport
models. Hence, the data base was brought up to date by assembling eight
"new" Data Packages encompassing the results of field studies by TWDB and
USGS from July 19, 1971, to November 16, 1972. ‘
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Table IV-2 summarizes the basic data needs for model development, the
Federal or State agency from which the data were received, the desired con-
sistency of the data and how the data are utilized. Table IV-3 is a summary
of the sufficiency of the data with respect to the new Data Packages. Data
Packages XVIII for July 25, 1972, to September 20, 1972, was selected as the
best Data Package to begin development and calibration of the Corpus Christi
Bay System models. Data Packages XIV, XV, and XIX have also been used to
further check the reliability of the models and the values used for the various
reaction rates.

The average discharge flows from sewage treatment plants and industrial
facilities were provided by the Water Needs and Residuals Management Task
Force (see Table IV-4 and refer to Figure IV-3). Two fresh water streams enter
the Corpus Christi Bay system. The Oso Creek flow was negligible in each
case. The Nueces River discharges for the four Data Packages utlhzed are
summarized in Table IV-5.

The meteorological parameters for these four Data Packages are presented
in Table IV-6, The average wind magnitude and resultant wind direction are
computed over the dates of the Data Package from data supplied by the State
Clamatologist. Evaporation is computed by a method developed specifically
for the Texas Coast by Brandes and Masch (14). Precipitation is averaged over
each Data Package Period using the rainfall data from the weather station at
the Corpus Christi International Airport.

The water quality of the Nueces River, diversions and waste discharges
are presented in Table IV-7 based on data provided by the Water Needs and
- Residuals Management Task Force. Data from the TWDB - USGS for the Nueces
-River and the other estuarine boundary are reported in Tables IV-5 and IV-8,
respectively, |

Discussion of the Development of Water Quality Transport Models

The overall goal of this Task Force is the development and calibration
of transport models which simulate the effect of changing river inflows and
wastewater discharges on the concentrations of various water quality con~
stituents in Corpus Christi Bay. The long-term transport model, LOTRAN,
applied to Corpus Christi Bay has been shown in Chapter III to adequately
simulate the transport of non-reactive or conservative substances such as
total dissolved solids. Other water quality constituents which behave in a
reactive or non-conservative manner (participating in chemical or biological
reactions) have been adequately simulated in estuarine environments by as-
summing they behave as single constituent first-order reactants.

wv-12



os|MEdIR

_mco“mcms_uum @Je s|apow asNeoaq papaaN *21 s Kjuebowoy 1BITHBA " Z1
: sjapoiu aaryoess/yod SUOTILLS JO Jaquinu [BEjuUeRs Aoamng tearbolosny °g "n . B -1 -Ted
-suen uuay fuol JoJ uoperussuos feuld ‘11 -gns 10§ painseaw sUanjfIsuod 11v' Il /breog juawdo]aas( 181 Sexa] Arieng) satesm

slopow g:nvmﬂu\tOQWC en

107 yndug ki sojweudpoipiy seydwig ol . uoryejrdroaid Mo Q1
s{epow aalioedl/podsuesy
uou indur 9 sotweudpolpdAy soriduig g Apeeis oyer uonierodeaz‘ s -
SOTWeUApospAY mwa:n_ﬁm 8 ' Apeals puim '8 2DTAJBS JBYIeaM 'S N Abojoroa1aiN
S]19poW 3ATIORA . paanseaut A317enb ‘pieog Ajrend) Isiesn Sexay | ‘ ]
\tgmcm..u pue sjweuipoipAy Joj sinduj*y pue sarjjauend pue 0] PIUNOIIY "L Adusby u0109301d [PIUSWUOIIALY sabieyosi1q
1opow sojweulpoapiy Joj synduy‘g usmouy safifauenb pue 10] PIUNCDOY*9 uolssiwwon SIYOLY 19IBM Sexay " suoysraarg
" slapow eaf3oral/uodsuedy 107 sinduptg painsesu SjuUaNIFISUOD [V § .
- soyweuApoipAyYy sayidwisS y - MO0] PUR JURISUOD apnyfuben ’ >®>.§m —moﬁmoﬁoww SN sandu] Jayem ysaij
sojweudpolpAy sapdwis g uroriun mmﬁ:u:.QEm pue sseyd'¢ ‘ABAING 1BOIBOIORS) S N sap1l
. . ' e SAep 06-0¢ -
esimeole !
jeucyIsudup-7 aJe s}opoW asnedaq PapadIN°‘g - KQjuebowoy 1R0THOA ' Z
siepow daljoras/yod SUOTIRLS JO Jequnu jerjuels Konaing 1eo1601095) *§ N
-sues} uway Suog 10§ SUOJ1BIUBDLOD [BTATR] " T © =gns JO] peinsesuw sjuenifisuod 11y’ 1 /precd juawdoiana(] 19jepN Sexal Arend) Jerem
) ) [ SARD [T —sf
NOILVZITILN : STUNIVII SNONUDNOD ADNIOV DNILYYId00D NVdS INIL

mU<mDQZ<ZOE HmOmEO) mUﬁO.a.m <_H<Q
S . N Al 3789V

Iv-13



a0I10] JSBI JUsWebeUuR|N STRNPISSY ¥ SPOON Jo1BM Aq Pepraocid sojewrisi o
, JUSIOIJING JON SUOTITPUOD 10 BlRT -
JUSTOTJING SUOTIIPUOD IO BIR( +

+ + + + +
+ + - - -
+ + + + +
+ + + + +
0 0 0 0 0
0 0 0 0 0
+ + + + +
- + - - +
+ + + + +
+ + + + +
+ + + + +
XIX ITIAX TIAX InX AX

STIOVADVYA VIvd

2L/ /T 2L/08/6 TL/ST/L TL/1/9 2TL/8T/€  TL/LE/1 1L/VI/6 1L/02/L
01 01 o . 01} o1 -

Nm\om.\m 2L/82/L .Nu\ﬁ\o TL/8e/€ TL/LT/1 L/T/TT 1L/02/L ..K\m\m

SIDVADVL VIVA MIN Ol IOI

++ + ++o00+ + + +

>
<

o1

+ +oco0 + + + +

+

IITX

o1

++oo + + + +

=

01

vl Ajrrend 191 M Teull
uotriejrdioaig

riR(g uorlRIOdRAY

ele purm

eleq obieyosig

el1e( UoTsIaatg

P1R(J SIUSNITISUOY) JISATY

, sinduy 19A1y

sep1y,

K11usbow oy ATTROIIOA
ejeq £A3rrend 191eM TeTITU]

YIva

soled

IS HIIM VIVA O AONIIOLIANS
§-AT TTAYL

Iv-14



TABLE IV-4

SUMMARY OF FLOWS FOR DATA PACKAGE
X1V, XV, XVIII, AND XIX

Inflow No. Cell
1 1278
2 I9j8
3 11578
4 13111
S I 3713
9 15713
7 120713
8 128713
9 113714
10 147315
11 -1 2716
12 114716
13 14717
14 113J20
15 1 6J22
16 I 8J22
17 112722
18 17723
19 - 18323

20 110724
21 I 6]25
22 - 17726
23 19726
24 18727

Description

~ Sewage Treatment Plants (STP)

Oil Production Facilities (OPF)
STP :
OPF

OPF

STP

STP

STP

~ Qil Tanker Loading Facility

STP

STP and Oso Creek

STP

OPF

STP

STP

Diversion (Cooling Water)
STP

Oil Refineries

Discharge (Cooling Water)
OPF

OPF

Nueces River

OPF

OPF

* Flows vary with Data Package--See Table IV-5.
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TABLE 1V-6 | :
SUMMARY OF METEOROLOGICAL PARAMETERS FOR
DATA PACKAGES XIV, XV, XVIII, AND XIX

Wind Angle

Wind Velocity Degrees Evaporation Rate Precipitation
Data Package (knots) From North (inches/day) (inches/day)
XV 10.0 80.0 0.1 | 0.00
XV 11.2 10,9 0.10 | 0.08>
XVIII 8.6 120.0 0.30 | ,'0.00 .
XIX

9.9 110.0 0.20 _ 0.15
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This section is a discussion of the basic approach which was utilized
to determine if the changes in total phosphorus, carbonaceous biochemical
oxygen demand, dissolved oxygen and the nitrogen cycle constituents can be
adequately represented by single or multi-constituent first-order reaction
transport models.

Approach

As described in Chapter III, the fundamental equation for mass-transport

is
o) (C;-i) + 0 (—qXC) + e @YC) = 9 [ L m-| + _é.[ E QLC..a_-).] f S (III—G)
at X dY 3xX ax © dy 3y i

. + . .
The term, - Sj, represents the sources and sinks of the constituent for which
the above equation is written, For the case in which first-order reactions are
assumed to occur,

+ 8 = KCE,
i

where

K is the reaction rate coefficient (1/time)
C is the concentration (mg/l).

The approach taken herein involves experimentation with several of the
coefficients reported in the literature in terms of the environmental conditions
in Corpus Christi Bay and the available water quality data. Even if the
changes in the water quality constituent are adequately represented by models
using first-order reactions, the reaction rate coefficient, K, generally is
highly sensitive to the system response. In some cases such as carbonaceous
BOD, considerable information is available in the literature on the approximate
value of these coefficients. With regard to total phosphorus and nitrogen,
little information is available. Furthermore, in Texas as well as other
estuarine systems, little is known concerning the effects of other variables
such as temperature and salinity upon these coefficients. ‘

Phosphorus
Phosphorus participates in a number of chemical reactions, including
acid-base, precipitation and complexation. A number of the cations chemi-

cally participating with phosphorus in the above reactions also change with
the oxidation-reduction potential. Since most of the estuary is shallow,
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the oxidation-reduction potential was not expected to become negative. Also
measurements on the various cations, i.e., iron, were not available. Further-
"more, each of the above reactions are affected by the ionic strength of the
water which radically changes from the mouth of the Nueces River to the Gulf.

" Phosphorus also is utilized by bacteria, phytoplankton and rooted vege-
tation as a nutrient, Plant activity also is a function of temperature and light
penetration in addition to a number of other variables such as salinity. Infor-
mation was available from the Task Force on Biological Uses Criteria on the
location of the biotopes where the phytoplankton and rooted vegetation domi-
nate and on estimated productivity values from the literature, But no informa-
tion was available on organism density nor biomass. However, in their evalu-
ation of the Corpus Christi Bay System the Task For¢e on Biological Uses:
Criteria evaluated that phosphorus generally was in excess in this estuanne
system and nitrogen was the more likely critical nutrient.

In light of the host of various reactions which could occur, the initial
approach was to utilize an over-all first-order term to simulate all of the
above reactions. Hence, the Corpus Christi Bay slowly-varying mass trans-
port model, LOTRAN, was modified to include a first-order reaction term which
behaved as a sink in the single constituent total phosphorus transport model.
The sink term thus became

S = KPd

where » _
: Kp' = overall first-order sink reaction coefficient
P = concentration of total phosphorus

-Subsequently, experimentation was undertaken with the range of magnitude
of the overall phosphorus reaction coefficients cited in the literature to
determine if an adequate simulation of the observed total phosphorus in Data
Package XVIII could be obtained. The POTRAN model was considered to "fit"
when the computed values fell within the ranges of the observed data for the
maximum number of stations. Figure IV-5 locates the sampling stations used
at some time in the Corpus Christi Bay system. Usually one to three of the
observed stations on each line were sampled. Subsequently, the "fitted" K
coefficient was tried on the other Data Packages, which were obtained in
different seasons of the year.

The best "fitted" coefficients for the four Data Packages are presented
in Table IV-9. Comparison between observed and computed total phosphorus
concentrations are presented in Table IV-10. It is obvious that there is a
wide variation between the computed and observed values for one or two
sampling stations in each Data Package. However, for all the stationg, the
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Water
Quality

Constituent

Total
Phosphorus

BOD'5

Nitrogen

"FITTED" REACTION COEFFICIENTS

" TABLE IV-9

Coefficient X1V
Kp -O. 014
Ki) v 0 05
Kai 0.01
Kno 0.02
,Kn3 0.60
Kn4 0.10
Kn5 0.30
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Data Packages

XV

0.01

0.037

0.02

0.60

XVIII

0.03
0.037
0.01
0.02
0.60
0.10

0.30

.02

.037

.01

.02

.60

.10

.30



TABLE IV-10 ‘
COMPARISON OF OBSERVED AND COMPUTED
TOTAL PHOSPHORUS CONCENTRATIONS (mg/1)

Data Package . Observation Number of Observed Computed
Line-Site* Observations Average High Low

XvIut 53-2 1 .07 .06
53-4 1 .07 . .06
108-2 2 L1385 .19 .08 .08
122-2 2 .03 .03 .03 .04
122-6 2 .04 .04 .04 .04
122-12 2 .03 .04 .02 .04
142-2 2 .03 .04 .02 .03
142-10 2 .025 . .03 .02 - .03
147-2 2 025 03 02 .02
147-5 2 025 .03 , .02 .03
901-2 2 .01 .01 01 .01
141-1 2 .02 .02 .02 02
141-3 2 .02 .02 .02 02

159-8 2 .015 .02 .01 .02

xav © 8322 2 .21 .21 .21 .08
53-4 1 .36 .07
53-5 1 .41 .07
64-9 1 A1 .05
122-6 3 .056 .07 .05 .05
127~2 2 .035 .04 .03 .04
142-1 3 .043 05 .03 .04
147-1 2 .03 .03 .03 .04
147-5 2. .045 .05 04 .04
168-2 2 ©L08 .03 .03 .03
170-3 2 .04 .04 .04 .04
141-1 2 035 .040  .030 .04
141-3 2 .04 04 04 .04
172-10 2 .03 .03 .03 .04

XV 53-2 1 .18 i
64-9 2 .105 A .10 .08
71-2 2 .165 .21 .12 a2
122-6 3 .043 .06 .03 .08
127-2 2 .055 07,04 .07 A
127-6 2 .045 .05 .04
142-1 3 033 .04 .03 .07
142-6 2 135 .21 .06 07
147-2 2 .05 .05 .05 .07
147-5 2 .05 .06 .04 .06
168-2 2. ,035 .04 03 06
183-3 2 .05 .06 .04 05
200-2 1 .03 .08

XIX 53-2 1 05 .04
53-4 1 .05 .04
64-9 2 .03 .03 .03 .03
71=2 2 .25 26 .24 0s
108-2 2 .055 .08 .03 .06
122-6 3 .08 .08 .02 .03
14241 3 .01 .02 .01 .03
142-6 2 .04 07 .0l .03
147-2 2 L005 - .01 .00 .02
168-2 2 1 N V3 .00 .01
200-2 1 .27 .04
901-1 2 025 03 02 .m
141-1 2 .09 .10 .08 .02
172-10 2 .02 .02 .02 .02

* See Flgure IV-5
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agreement between computed and observed total phosphorus values is accept-
-able considering what is included in such estuarine total phosphorus analyses
" (particulate, live organisms, detritus) and the large coefficient of variance

at these relatively low concentrations.

The K coefficient is the same order of magnitude for all four Data
Packages. A correlation was attempted between K, and different variables
such as temperature and salinity. As to be expected for such a gross overall
reaction coefficient, no correlation was found.

BOD and DO

| The biochemical oxygen demand and dissolved oxygen water quality trans-
port model, DOTRAN, should inc'orporate the following linkages:

oxidation of carbonaceous matter,

oxidation of ammonia;

benthic oxygen demand; _

reaeration from the atmosphere; and

production and respiration of oxygen by phytoplankton,

1
yA
3)
4
S

The oxidation of carbonalc':eous material was approximated using typical
first-order reaction rates reported in the literature.

= K 3
S,l ‘ de
where
Ky, = overall reaction réte coefficient
B = carbonaceous BOD con'centration.

The only data available were BODg concentrations. These values were generally
below the statistical value for analytlcal accuracy. It was assumed that the
" carbonaceous BOD was represented by the BOD-. Once again Data Package
XVIII was utilized in the first attempt to "fit" the coefficient. The coefficients
for the four Data Packages are reported in Table IV-9. The comparison between
observed and computed BODS concentrations are reported in Table IV-11.

Except for Data Package XIX, the correlation between observed and com-
puted BODj5 concentrations were good. The gross overall BODg reaction rate
coefficient was the same for all Data Packages except XIV. The reason for
this small change could not be found.
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 TABLE IV-11
COMPARISON OF OBSERVED AND COMPUTED

BOD, CONCENTRATIONS (mg/1)

Compuied

Observed

Observation  Number of

Liné-Site*

Data

Low

High

Observations Average

Package
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The other components of the DOTRAN model were then evaluated. The
oxidation of ammonia to nitrite and then to nitrate will be discussed in the next
section on nifrogen. Some benthic oxygen uptake studies have been undertaken
in Tule Channel but these results in this small polluted area are not representa-
tive of the rest of the bay. Atmospheric reaeration is dependent upon the turbu-
lence which is approximated through knowledge of the depths and velocities for
the estuary which is provided by the HYDTID model. The saturation value for
the oxygen concentration is dependent upon the salt concentration which can
be obtained through the total dissolved solids prediction by the LOTRAN model.
Little, if any, information, however, is available on plant photosynthesis and
respiration. Hence, considerable professional experience was utilized to
develop the model.

The observed field data for the Corpus Christi Bay system were collected
during the daylight hours. Some values near the sediments in Tule Channel
had dissolved oxygen concentrations less.than saturation. However, the one
mile grid scheme used for Corpus Christi Bay was not adequate for modeling
the Inner Harbor. Unfortunately, all the other observed DO values were higher
than saturation. Also nearly all of the predicted DO values were near satura-
tion., An example of the situation is presented in Figure IVv-6. Thus, although
there was reasonable simulation of the conservative and other non-conservative
water quality constituents, there was not any agreement between predicted and
observed dissolved oxygen values. Hence, the many coefficients which needed
"tuning" could not be evaluated. '

The purpose for the dissolved oxygen model in the project was to esti-
mate if the dissolved oxygen in the estuary deteriorated significantly for
various hypothetical coastal zone management policies for the Coastal Bend
COG. Because of the problems previously discussed, a simpler model con-
sidering only degradation of carbonaceous organic matter and reaeration was
utilized for this purpose. Thus, higher wastewater loadings expected in the
future with some of the policies were run with this uncalibrated model. No

" significant depletion of dissolved oxygen below saturation value's was found.
Hence, dissolved oxygen was not considered a sensitive response variable
for this estuarine system for the policies considered. Therefore, because of
time limitations, further work on dissolved oxygen modeling was left until the
third year of the project. ) ' :

Nitrogen

In investigating the incorporation of nitrogen in the water quality trans-
port models, eight possible reactions were considered;:

(1) chemical and biological decomposition of organic nitrogen to
ammonia;
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(2) bacterial nitrification of ammonia to nitrite;

(3) further nitrification of nitrite to nitrate;

(4) phytoplankton utilization of ammonia;

(5) phyvtoplankton utilization of nitrate;

(6) respiration rate of phytoplankton;

(7) deposition of the phytoplankton cells; and

(8) death and/or predation of phytoplankton releasing organic nitrogen.

‘Because of the physiographic and hydrodynamic characteristics of Corpus Christi
Bay, anaerobic processes were considered negligible. Although field studies
have provided sufficient data on ammonia, nitrite and nitrate, little data are
available on organic nitrogen. Likewise, little or no data were available on
nitrogen uptake rates or nitrogen content of the biomass of plankton and rooted
vegetation. Thus, the nitrogen trangport mode!l was developed in stages first
considering the nitrification process, then the phytoplankton uptake and sub-
sequently the feedback loops. Reaction rate coefficients from the literature
‘were utilized first and subsequently changed so as to have the model predic-
tions correspond to the observed field results in'a particular Data Package
Subsequently, other Data Packages will be utilized.

However, it became quickly appare'nt that without organic nitrogen and
plant nitrogen biomass measurements, none of the coefficients in this com-
plicated model could be "tuned". 'Also, reasonable results were obtained
without consideration of the deposition of plant material and the feedback
of organic nitrogen to the estuarine system.

Hence, the simplest of first-order reaction rates first considered included:

8, = .KnlN la_ | (for organic nitrogen)

s, = K ,Nd - K Nd - KNd (for ammonia)

s, - KHZNZE - K oN.d | (for nitrite)

S4 = Kn3N3E - Kn4N4E . (for nitrate)

SS = Kn4N4E + KnSNza (for plant nitrogen‘biomass)
where | ‘

S = source or sink term [organic N (1), ammonia N (2), nitrite N (3),

nitrate N (4), and plant N (5)]

K = reaction rate coefficient
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Knl for degradation of organic nitrogen
an for oxidation of a'mmonia to nitrite

Kn3 for oxidation of nitrite to nitrate

Kn 4 for plant uptake of nitrate

KnS for plant uptake of ammonia

The reaction rate coeff\icients used for the data are presented in Table

TV-9. The comparison between observed and predicted ammonia N, nitrite N,
and nitrate N measurements are presented in Table IV-12. Values not pre-
sented for the various samples obtained were zero. As to be expected with

a simplified model which ignores major reactions, there are significant dif-
- ferences between observed and computed nitrogen concentrations at a few
sampling stations for all the Data Packages. However, a reasonable agreement
was found using the same value for the coefficients in all four Data Packages.
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TABLE IV-12
COMPARISON OF OBSERVED AND COMPUTED
NITROGEN CONCENTRATIONS (mg/1)

. Data Nitrogen Observation Number of Observed
Package Spectes Line-Site* Observations Average High Low Computed

XVIII NH3-N 108-2 z .24 .38 JA00 0 .14
142~2 2 .095 .10 .09 .07

142-10 2 . 045 .06 .03 .08

147-2 2 L06 - - .07 .05 .08

147-5 2 138 .46 .11 .08

901-2 2 .050 .10 .04 A1

41-1 2 140 17 A1 .09

141-3 2 .040 .080 .030 .08

NO,-N 108-2 2 .00015 .003 L0095 .00
142-10 2 .0001 .002 .000 .00

NOy-N  53-4 1 .020 .02
' 108-2 2 015 .030 .000 .00

X NHs-N 53-2 2 .45 .190 100 .17
53-4 1 .800 By

53=5 1 550 A7

64-9 2 115 .180 .050 .16

122-6 3 .060 .090 .040 .18

127-2 2 .050 .050 050 .16

142-1 3 .080 .100 .050 .15

147-1 2 .430 .440 420 .13

170-3 2 ,200 .400 .000 .14

141-1 2 .045 .050 .040 .08

141-3 2 .080 .090 .07¢ .08

J 172-10 2 .085 .080 .050 .08
NO,-N 53-2 2 . 00§ .010 .000 .01
© 53-5 2 .014 .028 .000 .01

122-6 3 .007 .022 .000 .0l

142-1 3 .010 .010 .000 .0l

147-1 2 . 005 .010 .000 .00

168-2 2 .028 .034 .022 .00

xv NHa-N 53-2 1 B } A
64-9 2 140 .160 120 .08

71-2 2 .08 .160 .000 08

122-6 3 .020 .030 .000 .08

127-2 2 .005 .010 .000 .07

127-6 2 L0IS .030 .000

142-1 3 .043 .070 .000 .07

142-6 2 .050 .080 .020 .07

147-5 2 .00s .010 .000 .07

183-3 2 .01 .020 010 .09

NO,-N 53-2 1 .oos 00
64-9 2 .0l4 .01 .014 .00

71-2 2 006 006 .006 .00

122-6 3 .020 .030 .000 .00

127-2 2 004 .004 .004 .00

127-6 2 004 .004 .004

142-1 3 .0036 .005 .003 .00

142-6 2 .005 .005 .005 .00

1472 2 .003 .003 .003 .00

147 -5 2 .0035 .004 .003 .00

168-2 2 .002 .002 .002 .00

183-3 2 .0065 .007 .006 .00

200-2 1 .005 .00

NO;-N  142-6 2 .010 .020 .000 .01
168-2 2 .010 .020 .000 .00

XIX NH3-N 64-9 2 .00s 010 000 .09
. 71-2 2 .180 210 50 ,09
108-2 2 e .03§ .050 020 .14

122-6 3 .003 .010 000 .08

142-1 3 .060 130 050 .08

142-6 2 ..038 060 .010 .08

147-2 2 .015 .030 000 .08

168-2 2 .020 .030 010 .10

183-3 2 . .060 100 020 .10

200-2 i .260 .09

901-1 2 .020 .030 Q1 .

141-1 2 -, 055 060 050 .09

172-10 2 .03% ,060 .010 .09

=
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Data
Package

Nitrogen Observation

Specics

NOQ,-N

NO4-N

TABLE IV-12
COMPARISON OF OBSERVED AND COMPUTED
NITROGEN CONCENTRATIONS (mg/1)

(CONTINUED)

Linc-Site*

712
108-2
168-2
200-2
901-1
22-2
71-2
108-2
142-6
168-2
183-3
200-2
901-1
172-10 -

BB e PR R DB — N e DN B

Number of
Observations
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Average

.003
.0025
.0275
.090
.043
010
010
.010

. .005

.060
.005
.200
100
.00S

Obscrved

High

.003
.00S

.034

.045

.020
.020
.010
L0930
, 010

.100
.010

Low

003
.000

J021 -

.041

.000
.000
.000
.030
.000

.100
.000

Computed

.00
.00
.00
.00
.00

W0l
.02
.01
.00
.00
.0l
.00
.00



CHAPTER V |
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1) Existing TWDB hydrodynamics and conservative transport models
for a multiple bay complex were adapted to Corpus Christi Bay to meet
the overall needs of the project. A large number of Data Packages were
utilized to substantiate the reliability of these two models. Sensitivity
analyses also were undertaken. The models are considered "verified".

2) The Corpus Christi Bay conservative transport model was mod-
ified to include a first order reaction term which behaved as a sink in
the single constituent total phosphorus transport model. The order of
magnitude and trend of the observed total phosphorus changes in Corpus
Christi Bay were well simulated by the model, However, the model can
only be considered "calibrated" because different rate coefficients
{although of the same order of magnitude) had to be used for the four
Data Packages and the coefficient could not be comrelated to envn*onmental
conditions such as temperature and salinity.

3) A similar approach and results were found with the BOD5 modeling.

4) Unfortunately, field data used to calibrate the dissolved oxygen
model were collected in daylight hours and supersaturation always existed.
Hence, the multi-component reaction dlssolved oxygen model could not
be "calibrated".

5) A multi~component first order reaction model was developed for
the nitrogen cycle including degradation of organic nitrogen, nitrification
and plant uptake, but not plant settling, decomposition, and nitrogen re-
cycling. Agreement between observed and computed nitrogen values was
acceptable, the same reaction coefficients being appllcable to all four
Data Packages.

Recommendations

1) The field work of local, state and federal agencies in Corpus
Christi Bay (coordinated by TWDB) is a necessity for any type of coastal
zone management in Texas. A field and modeling program (described
part1ally below) has been planned and implemented by TWDB to obtain
missing data for all the Texas estuaries.. Funding for such work must
be continued on a long-term basis.



The TWDB program is one of the very few in the nation in which flow
exchange measurements are obtained at different locations in an estuary over
a tidal cycle so that hydrodynamic models can be calibrated and verified and
sensitivity analyses can be conducted. Another flow measurement field pro-
gram is planned for the Corpus Christi Bay by TWDB for 1974. The results from
this TWDB field program should once again be utilized in the next year of this
research project.

As regards water quality modeling, the primary field data lacking for
Corpus Christi Bay are diurnal dissolved oxygen measurements. With such
data plant photosynthesis and respiration rates can be estimated so that a
dissolved oxygen model can be calibrated. In addition phytoplankton, zoo-
plankton, and rooted vegetation biomass and nutrient content are required for
modeling for current coastal zone planning and management questions. All
such field work has been implemented since 1972 in Corpus Christi Bay by TWDB.

Basic research is required on plant sedimentation, decomposition, and
nutrient recycle. Based on their own research work, TWDB also has initiated

such studies in another Texas estuary and these results should be applicable
to Corpus Christi Bay, | : :

2) The estuarine models developed thus far in this research project are
typical of many others which have constructed around the nation - the models
lack an analytical criterion for calibration as well as an analysis of numerical
solution accuracy. This need is one of the primary objectives of the estuarine
modeling task force in the third year of the research effort.

- 3) To demonstrate a methodology for evaluating the environmental im-
pact of various hypothetical coastal management policies for the Coastal Bend
region using the data and analytical techniques available to State agencies
{1972), the water quality modeling effort as described in this report was suf-
ficient. However, for the current coastal zone planning and management
questions, estuarine ecosystem modeling is required. An extraordinary effort
has been undertaken in estuarine ecosystem modeling for San Antonio Bay by
TWDB since 1972. During the third year of this research project, it is hoped

that a considerable portion of such a model can be adapted to Corpus Christi
Bay.

4) The coastal zone planning and management questions arising also
appear to require an optimization of wastewater return flows and quality. Such
optimization problems can be highly dimensional for Texas estuaries if reason-
able grid size is utilized. In general, decompositional methods of large scale
optimization may have to be used to solve such problems. However, because
the number of wastewater return flows compared to the number of cells in the
grid scheme for Corpus Christi Bay System is relatively small, the development
of a variational model which would reduce the dimensionality of the problem
may be possible. ‘
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5) To effectively analyze the effect of freshwater inflows (including
precipitation and evaporation plus industrial, municipal, and agricultural
return flows) on the Corpus Christi Bay ecosystem, a stochastic approach
is required. The statistical analysis should be at least on a monthly
basis because of the large variation of rainfall and evaporation affecting
industrial, municipal and agricultural water demands., Also consideration
is required of the proposed Choke Canyon reservoir in addition to present
Lake Corpus Christi as the water supply source on the Nueces River.
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APPENDIX A
CORPUS CHRISTI BAY SYSTEM MODEL

The Corpus Christi-Aransas-Copano Bays System' Model developed by Masch
and Brandes for the TWDB (2) was modified at the outset of the study to produce
a smaller model with capability to include more inputs and more resolution if
necessary and to facilitate the development of additional water quality models
specifically for the Corpus Christi Bay environs. A survey of the more recent
available data collected by the TWDB/USGS sampling program was undertaken
to supplement the data used in the previous TWDB modeling studies @2). The
recent data, after being grouped into Data Packages, were evaluated and a final
determination was made as to which Data Packages would be used as the basic

data to calibrate the newly developed Corpus Christi Bay System Model.

Development of Corpus Christi Bay System Model

Modifications to the TWDB hydrodynamic and transport models consisted of
a reduction in the size of the area modeled, adding diversions and discharges
- unaccounted for previously, and adjusting excitation tides at the new boundaries
to correct for apparent datum discrepancies. The Corpus Christi Bay System
Model intended for use in this project includes Corpus Christi, Nueces, Oso
and Redfish Bays and the portion of Aransas Bay from Redfish Bay eastward to
the Rockport tide gage. Figure A-1 illustrates the area covered by these models.

~ The main problem in reducing the coverage of the original TWDB models

' 'was_ to develop the boundary conditions at the Rockport boundary of the models
so that the Corpus Christi Bay System Model would properly simulate the
hydrodynamics and transport across this section. Rockport was selected

as the eastern boundary of the model because tide gage records and water
quality data are available at this location. This has the advantage of being -
able to excite the models with actual field data rather than with simulated
conditions. '

The reduction in model size will allow additional model resolution if deemed
necessary in the future. Currently, the size of the individual computational .
cells, which in total form the grid scheme depicted in Figure A-2" is one nautical
mile square. With the newly developed models, the resolution and/or computer
- storage can be increased by approximately thirty percent without increasing com-
puter expenses now usad in the TWDB models.
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Inflows

A data bank on water use and wastewater generation has been developed by
_another task force of the project concerned with water needs and waste residuals.
The first use of this data was to identify and quantify all known diversions and
discharges into the Corpus Christi Bay System. Knowing these inputs, the neces-
sary modifications were made to incorporate this additional data into the Corpus
Christi Bay System Model. Figure A-3 shows the location of the inflows presently
included in the models and the existing tide gages. Diversion and discharges with
flows less than 0.1 cfs have been neglected. Table A~1 is a summary of diver-
sions, discharges and freshwater inflows and the corresponding waste loadings

for total dissolved solids, BODg, and total phosphorus. Most of these inflows
represent an aggregation of flows in the vicinity of a particular cell. Only the
major sources are listed for each flow under the description column. Table A-2 .

is a listing of the location of the tide gages.

Excitation Tides

After preliminary studies with the Corpus Christi Bay System Model, it was
obvious that the hydrodynamics of the system could not be properly simulated
without some adjustment of the excitation tides at the Laguna Madre and Rock-
port boundaries. These tidal datum adjustments are due to suspected datum
irregularities for some of the tide gages in the Corpus Christi Bay System. Similar
difficulties have been previously reported for other estuaries (1). No phase
corrections are necessary for any of the excitation tides.

The Gulf excitation tide, which is based on tide gage readings at the Port
Aransas Jetties, was held constant while the Laguna Madre excitation tide was
shifted vertically downward by 0.26 feet and the Rockport excitation tide was
shifted downward by 0.13 feet. This adjustment resulted in reasonable responses
of tidally generated flows and net exchange being produced by the model. The
observed tides at the boundaries together with the adjusted tides used in the
model are presented in Figure A-4

Data Packages

Eleven Data Packages were assembled for previous model development for
the TWDB Corpus Christi-Aransas-Copano Bays system (2). A review of these
data packages revealed that all were deficient except for total dissolved solids
in the quantity of water quality data necessary for calibrating (and verifying)
the water quality constituent transport models for the Corpus Christi Bay trans-
port models. Hence, the data base was brought up to date by assembling eight
"new" Data Packages encompassing the results of field studies by TWDB and
USGS from July 19, 1971, to November 16, 1972. :
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TABLE A-1
SUMMARY OF INFLOWS

INFLOW FLOW TDS BOD TOTAL-P
NO. CELL DESCRIPTION {CFS) (PPT) (PPM% (PPM)
1 I 278 Laguna Shores & Flour Bluff STP 0.4 0.9 4.8 8.00
2 I 978 Qil Production Facilities 0.2 40.0 455.0 0.01
3 11578 Nueces County WCID 1.3 0.9 25.0 8.00
4 I 3J11  Oil Production Facilities 0.3 80.0 230.0 0.01
5 I 3J13 0Oil Production Facilities 0.1 80.0 230.0 0.01
) I 5713 Naval Air Station 0.2 1.2 38.4 8.00
7 [20J13 Aransas Pass STP 1.1 0.9 70.0 8.00
8 I28713  Rockport STP 0.8 0.9 7.0 8.00
9 I113J714  Oil Tanker Loading Facility o 0.4 1.0 161.0 8.00
10 I 4J15  Oso Creek STP : 13.3 0.9 4.0 8.00
11 I 2J16 Oso Creek & Westside STP 5.3 24.0 7.5 1.20
12 114716 Ingleside STP ” 0.3 0.9 20.0 8.00
13 11372 Gregory STP 0.3 0.9 100.0 8.00
14 I 6J22 Broadway STP 15.5 0.9 15.0 8.00
15 I 8J22 CPL Diversion -936.0 31.0 S.9 0.14
16 1222  Portland STP 0.7 0.9 4.0 8.00
17 I 7723  Oil Refinery 6.7 31.0 8.2 0.14
18 I 8j23 CPL Discharge ‘ 936.0 30.0 5.9 0.14
19 17724  Oil Refinery 2.2 30.0 8.2 0.14
20 110724  Oil Production Facilities 0.5 40.0 27,7 0.01
21 [ 6725 Oil Production Facilities 0.1 40.0 54.4 0.01
22 ‘I 7]J26 - Nueces River 5.7 4.0 4.2 0.05
23 I 9726  Oil Production Facilities 1.5 40.0 85.0 0.01
24 I 8J27 0Oil Production Facilities 0.1 40.0 . 139.0 0.01
TABLE A-2
TIDE GAGE LOCATIONS FOR CORPUS CHRISTI BAY SYSTEM MODEL
GAGE IDENTIFICATION CELL NUMBER LOCATION
A 11977 Aransas Pasgs at Port Aransas
B I 1710 Laguna Madre near Flour Bluff
C 129712 Aransas Bay near Rockport
D I 5718 Corpus Christi Bay at 4600 Ocean Dr.
E I 9726 Nueces Bay near White's Point
F I 8J22 - Corpus Christi Bay at Corpus Christi
G 114713 Corpus Christi Bay at Ingleside
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Table A-3 summarizes the basic data needs for model development, the
federal or state agency from which the data were received, the desired consis-
tency of the data and how the data are utilized, Table A-4 is a summary of
the sufficiency of the data with respect to the new Data Packages. Data
Package XVIII for September 18-20, 1972, was selected as the best Data
Package to begin development and calibration of the Corpus Christi Bay System
models,

Calibration of Corpus Christi Bay System Models

Having made the necessary modifications to the previously developed TWDB
models and assembling new Data Packages, the next step was to calibrate the
models. With the development of water quality transport models in mind, the
Data Packages were arranged in time so that water quality concentrations were
available for initial and final conditions. Hence, the inputs intc the model are
averages representing the time interval between the dates that water quality
data are available. The models have the capability of utilizing instantaneous
changes in the inputs; but at present, average inputs are used due to the fact
that it greatly simplifies the model calibration process.

The hydrodynamic model was operated to simulate the conditions corre-
sponding to Data Package XVIII. The transport model was operated using the
net velocities and average depth output from the hydrodynamic run. As an addi-
tional check, the TWDB models for the Corpus Christi-Aransas-Copano Bay
system also were operated for the Data Package XVIII. The common responses
generated from the TWDB and Corpus Christi Bay models and the observed field
data were compared where appropriate.

Figures A-5 and A-6 represent the temporal variations of flow for the x
and y-direction of cells 12579 and I25J11, respectively, over one tidal cycle
for both models. These cells are located six miles west of the eastern boundary
of the Corpus Christi Bay model. The flows simulated for these cells are in
good agreement and are typical of the remaining cells which comprise the
model. Figures A-7 and A-8 are vector plots of the net flows (cfs/ft of width)
{the basic hydrodynamic input to the mass transport models) for the Corpus
Christi Bay and TWDB models, respectively. The agreement between the two
models is excellent. :

The total dissolved solids simulations from the two models and the ob-
served concentrations for Data Package XVIII are presented in Table A-5.
Close agreement was once again proeduced.

As a further check on the reliability of the Corpus Christi Bay models,
both the TWDB and Corpus Christi Bay HYDTID models were run for Data
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Package XI (2). Data Package XI is a unique Data Package in that field measure-
ments of the net flows and tidal exchanges were made by the TWDB and USGS at
ten selected locations where the physiography of the bay system was such to
enable these measurements to be made easily. The TWDB HYDTID was cali-
brated for this Data Package previously (2) and represents a high degree of
calibration for the composite system model because actual flow measurements
were made that could be compared with the corresponding responses produced
by the model. Figures A-9 through A-12 compare the flow predictions of the
two models at four cells together with the field measurements, The Corpus
Christi Bay model produces responses that are in close agreement with both

the TWDB model and the observed data. [The transport model, LOTRAN, was
not run for comparison with this Data Package because vertical homogenity, a
necessary condition for the operation of LOTRAN, was not indicated.]

"TABLE A-5 :
COMPARISON OF OBSERVED AND COMPUTED TOTAL DISSOLVE
SOLIDS CONCENTRATION FOR DATA PACKAGE XVIII

Total Dissolved Solids Concentrations (PPT.)
J

Corpus Christi

Cell Number TWDB Model Bay System Model Observed
I 9725 30.9 30.9 30.4
I 9724 30,6 30,7 . 30,2
I 7722 29.7 ‘ 30.7 32.1
I 9719 30.4 31.3 , 32.7
I 6718 ' 31,2 31.0 32.0
111519 30.7 _ 31.8 32.8
I 8712 32.2 32.5 32.9
112713 31.2 31.7 32.1
114711 , 32.1 _ 32.5 3201
127712 30.2 29.2 _ 28.4
12779 31.0 29.5 ©29.0
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FLOWS (cfs)

| FIGURE A-9 |
COMPARISON OF MODELS' SIMULATION AND OBSERVED DATA OF
X FLOW IN CELL I3J9 FOR DATA PACKAGE XI
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FIGURE A-10 | v
COMPARISON OF MODELS' SIMULATED AND OBSERVED DATA OF
X FLOW IN CELL 1189 FOR DATA PACKACE XI
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FIGURE A-11
COMPARISON OF MODELS' SIMULATION OF Y FLOW
IN CELL 125711 FOR DATA PACKAGE X1
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FIGURE A-12
COMPARISON OF MODELS' SIMULATION OF X FLOW
IN CELL I25J10 FOR DATA PACKAGE XI
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APPENDIX B
SENSITIVITY ANALYSIS

The basic inputs for the water quality transport models currently under
development are the net flows and depths computed from the tidal hydrodynamic
model. Due to the importance of these parameters to the operation of the water _
quality transport models, a high degree of reliability in the computations of the
hydrodynamic and transport model needed to be established.

The relative sensitivity of the models to changes in the coefficients has
been analyzed by comparing the computed hydrodynamic and transport parameters
at selected cells. The parameters are tidal amplitudes, flows in each of the
two coordinate directions, and TDS concentrations. Difficulties are encountered
when an attempt is made to generalize the sensitivity of the basic model outputs
to variations in each coefficient as there are 357 computational cells in the
model. A complete analysis of the effects of changes on each cell is impractical;
therefore, certain cells were selected as examples upon which the analysis will
be based. These cells are considered representative of the unique areas of the
Corpus Christi Bay system, Where available the analyses are compared to ob-
served data.

Hydrodynamics

The TWDB hydrodynamic model (2) was run for the time period in which the
most complete set of observed data were in existence. This period has been
designated as Data Package XI and encompasses the six days from November 5-
10, 1971. During this period, the observed data included Gulf excitation tides,
measured tides at various points within the bay system, measured fresh water
inflows, industrial withdrawals and return flows, wind magnitudes and direc-
tions, and the necessary meterological observations from which evaporation
rates could be determmed :

In addition, Data Package XI contains net flows and tidal exchange measure-
ments at ten selected locations where the physiography permitted these observa- -
tions to be made. Locations such as narrow channels and bridge constrictions
were utilized for this purpose. The rehablhty of the simulations for this time
period was considered to be the best available (2).

Hydrodynamic Wind Stress Coefficient

The wind stress coefficient, Kw, 1s assigned a value of 0.006 in the cali-
brated hydrodynamic model. Additionally, the values of K,; of 0.0006 and 0.06

B-1



- were investigated and compared with the calibrated models' responses. During
the simulated time period, wind speed and direction were changing sc that in
testing the sensitivity of the model to changes in K,,, the output responses were
assessed over a wide range of varying wind inputs. -

The effect of changes in K, on tidal amplitudes was investigated for several
cells with varying depths and locations in the system. Generally for cells with
depths exceeding 10 feet, changes in K, produced relatively insignificant dif-

ferences in the responses, whereas for smaller depths, the changes were more
pronounced .

Figure B-1 is a plot showing temporal changes in tidal amplitude for cell
110J24 over one tidal cycle, Cell I10J24 is a shallow cell with a depth of 3
feet located in Nueces Bay. As can be seen, the tidal amplitude for shallow
cells is sensitive to variations in IQN Values of Kw of 0.0006 and 0.006 produce
essentially the same tide while a K, of 0.06 produces an erratic tide. The ob-
served tide gage values for the simulated tide period are also plotted. The
differences in mean tide elevations between the computed and observed values
is believed to be caused by datum irregularities associated with this gage.
Notice, however, that the phases of the tides using Kw equal to 0.0006 and
0.006 are the same as the observed tide.

Figure B-2 represents the tidal amplitude for cell I6J13, a cell with a depth
of 12 feet. This cell is located on the west side of Corpus Christi Bay at the
Naval Air Station. The tidal amplitude response for this cell is typical of most

of the cells in the bay. The correlation between the observed data and the simu-
' lated tides is good.

v The flows in the coordinate directions respond in much the same manner as
the tidal amplitudes to changes in values of K;,. Figure B-3 is a plot of the
flow in the X-direction for cell 13J11, a cell with a depth of 4 feet. A Koy equal
to 0.06 produces a radlcally different response than the other values of
The shape, phase, and amplitudes produced by a K,y of 0.06 in no way resembles
the responses of the other two values or the observed flows. For this cell the
observed flows are considerably different than those predicted by the model,
This is not the general case. In most cases where observed flows are available
there are good correlations with predicted values. Figure B-4 presents the
flows in the Y-direction for cell I119]7, this is a cell with a depth of 28 feet
representing the Port Aransas Channel. The correlations here are excellent.
Ky equal to 0.06 yields a response slightly different; however, the phase and
shape differ only by a small amount. :

Manning's Roughness Coefficient

The second coefficient which was investigated was the Manning roughness
coefficient, n. In the calibrated model a unique value of n is assigned to each

B-2
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cell based primarily on the depth of the cell. An average value of n equal to
0.025 assigned to each cell yields responses which are essentially the same
as those which result from assigning a unique value of n to each cell. The
sensitivity of the model to variations in n was determined for the cases where
n was set to 0.015, 0.025, and 0.035 for each cell.

Figure B-5 depicts the changes in flows for cell I10J21, a 9 foot deep cell
wherein the flow between Nueces Bay and Corpus Christi Bay is represented.
A general relationship between the Manning n and the magnitudes of the flood
and ebb flows is apparent. Decreasing the coefficient increases the amplitudes
and vice versa. Figure B-6 represents a 13 foot deep cell, 110714, in Corpus
Christi Bay. The same trend is apparent here. Figure B-7 presents the effects
of changes of n on the flow through the Port Aransas Channel. Once again the
same trend is noted. The correlation at this station with the observed flows is
excellent,

Evaporation Coefficient

The third coefficient investigated was the monthly evaporation coefficient.
The model was operated with evaporation rates computed from the two extreme
monthly evaporation coefficients and the coefficient appropriate for the time
" period being simulated. This resulted in daily evaporation rates of 0.14, 0.30,
and 0.35 inches per day.

Changes in the evaporation rate cause little effect on tidal amplitude as
the volume of water evaporated from the bay surface is made up by water from
the Gulf. However, local instantaneous velocities do change as do the net
flows integrated over a tidal cycle. The change is most apparent at the Gulf
passes where the exchange is directly proportional to the difference between
total evaporation from the bay surface and inflow into the bay.

Hydrodyvnamics and Conservative Transport

The slowly-varying mass transport model, LOTRAN, is the basic model which
will be used to simulate the water quality constituents. This model has been
used previously for the transport of total dissolved solids (2). Modifications
have been made in LOTRAN, primarily in the S; term of the basic convective-
dispersion equation, to account for the various reactions of water quality con~
stituents. As with the tidal hydrodynamic model, a certain degree of confidence
in the transport model was deemed desirable before proceeding with the additional
water quality simulations. To attain this confidence, a sensitivity analysis was
undertaken based on changes in the coefficients in the transport model.



FIGURE B-5
CHANGE OF MANNING COEFFICIENT ON FLOW IN THE
Y DIRECTION FOR A NINE FEET DEEP CELL
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FIGURE B-6
CHANGE OF MANNING COEFFICIENT ON FLOW IN THE
X DIRECTION FOR A THIRTEEN FEET DEEP CELL
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FIGURE B-7
CHANGE OF MANNING COEFFICIENT ON FLOW IN Y DIRECTION
FOR CELL REPRESENTING PORT ARANSAS CHANNEL
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The convective-dispersion equation used in LOTRAN for the simulation of
total dissolved solids concentrations is of the following form;

— d(q C) »q c)
2(Cd) , _ X, ¥ [E J(_}g_l] + & JC—d—l] +K, Cd (B-1)
at . dX dy bx X OX by y dYy

As can be seen there are two coefficients of interest in eq. B-1 , the dispersion
coefficient, E, and the evapcration rate coeificient, Ke. The sensitivity analysis
of LOTRAN involves determining the changes in the responses of the computed
total dissolved solids concentrations to changes in these coefficients,

Dispersion Coefficient

The calibrated LOTRAN has assigned values of 3500 ftz/sec for the disper-
sion coefficients throughout most of the open bay, slightly higher values at the
Gulf inlets, and assigned values of 200 ft2/sec at the inflow locations. For the
sensitivity analysis, the TWDB model was run to simulate conditions corresponding
to Data Package III (2). The dispersion coefficients were held constant at the
Gulf inlets and at the inflow points while the dispersion coefficients for the re-
maining cells were set equal to 500, 3500, and 5000 ft2/sec for three separate
runs. The resulting TDS concentrations for eight selected cells (seven of which
have field observations for comparison) have been summarized in Figures B-8
and B-9. The results show that dispersion coefficients of 3500 to 5000 ft2/sec
adequately simulate the TDS concentrations in the system and a dispersion co-
efficient of 500 ft“/sec predicts values approximately 40 percent hlgher than

~the calibrated model.

Evaporation Coefficient

The sensitivity analysis for the evaporation rate coefficients was made
using the Corpus Christi Bay HYDTID and LOTRAN models for conditions corre-
sponding to Data Package XVIII. The evaporation rate coefficients are based on
an empirically determined monthly rate constant determined from pan coefficients.
The computed evaporation rate for this Data Package is 0.29 inches/day. For
the sensitivity analysis, both models were run with evaporation rates of 0.40,
0.30, 0.20, and 0.10 inches/day; these correspond to pan coefficients of 1.29,
.97, .65, and 0.32 respectively. The results of this sensitivity analysis are
summarized in Table B~1l. They indicate that realistic evaporation rates must
be included to adequately predict the TDS concentrations, but that the computed
TDS concentrations are relatively insensitive to the pan coefficient.
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TABLE B-1 :
TOTAL DISSOLVED SOLIDS CONCENTRATION (ppt)

Cell : - Evaporation Rate (inches/day)

Identification 0.10 0.20 0.30 0.40 Observed
I 6719 : 29.6 30.6 31.7 32.8 32.0
1779 - 32.1 32.9 33.8 34.7 33.1
I 7J12 ' 30.7 31.6 32.6 33.6 31.9
I7]23 . 29.1 29.4 29.8 30.2 32.1
I 8]24 ' 29.7 30.2 30.8 31.3 30.2
I 8725 29.7 30.3 31.0 31.7 30.4
I 9720 ' 29.4 30.4 31.4 32.5 32.7
111720 : 29.2 30.2 31.2 32.4 32.8
112714 29.8 30.8 31.8 32.8 32.1
‘113711 30.8 31.7 32.6 33.6 32.1
12979 29.1 29.3 29.5 29.7 29.0

8 29.0 29.2 29.4 28.4

126712 28
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